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Leishmaniases in Greece

Pantelis Ntais, Dimitra Sifaki-Pistola, Vasiliki Christodoulou, Ippokratis Messaritakis, Francine Pratlong,
George Poupalos, and Maria Antoniou*

Laboratory of Clinical Bacteriology, Parasitology, Zoonoses and Geographical Medicine, Faculty of Medicine, University of Crete, Crete, Greece;
Veterinary Services of Cyprus, Nicosia, Cyprus; University Montpellier 1, Faculty of Medicine, Laboratory of Parasitology-Mycology,

Hospital University Centre (CHRU) of Montpellier and French National Reference Centre for Leishmaniases,
CNRS 5290 - IRD 224 - University Montpellier 1&2 (UMR “MIVEGEC”)

Abstract. During the last 35 years, visceral leishmaniasis has spread in Greece with autochthonous human cases
appearing in 41 of the 54 prefectures. The occurrence of the disease was mapped and related to dog seropositivity,
environmental and geospatial risk factors. Average dog seropositivity was 22.1% and positive animals were found in 43 of
54 prefectures. Factors like: altitude, presence of water bodies, land use, wind speed, mean land surface temperature, mean
relative humidity, and mean annual rainfall were found to affect dog seropositivity. Cases of cutaneous leishmaniasis,
caused by Leishmania tropica are also increasing. Phlebotomus similis believed to be the potential vector of L. tropica in
Greece, was found in areas where the disease is widespread but also where cases have never been reported implying a
danger of introduction of this anthroponotic parasite to new regions.

INTRODUCTION

Leishmaniasis, an important but neglected disease caused by
the protozoan parasite Leishmania, is found in 98 countries
worldwide.1 Natural transmission may be zoonotic or anthro-
ponotic, depending on the parasite species and the geograph-
ical location, and it takes place by the bite of blood sucking
phlebotomine sandflies. In the Mediterranean basin four
Leishmania species are found causing visceral (VL) or/and
cutaneous disease (CL): Leishmania infantum, the most com-
mon species in this area, responsible for VL and sporadic CL
cases in humans and visceral disease in dogs (CanL) is an
important zoonotic pathogen using the dog as reservoir host;
Leishmania major, found in North Africa and Middle East,
causes zoonotic CL; Leishmania tropica, with a limited pres-
ence in Europe, causes anthroponotic CL2,3; and Leishmania
donovani, recently reported in Cyprus, causes anthroponotic
VL and CL.4,5

Although leishmaniasis is considered a tropical and sub-
tropical disease, it has become endemic in other geographical
areas and L. infantum is reported to be spreading to parts
of Central Europe, like northern Italy, Hungary, and southern
Germany.6–8 This spread is related to factors concerning envi-
ronmental, demographic, and human behavioral changes.9,10

The emergence and spread of human immunodeficiency
virus (HIV) aids in the spread of leishmaniasis because this
co-infection alters the epidemiology of the disease in favor
of the parasite. At the same time, the emergence of parasite
resistance to meglumine antimoniate and possible sandfly
resistance to current insecticides is making the battle against
this public health problem even more difficult.
Dog seropositivity is reported to have reached 48% in

many endemic areas in Southern Europe where it constitutes
a major veterinary problem.11 However, a great proportion
of seropositive dogs may be asymptomatic and so they may be
overlooked. The development of vaccines against the disease
in the dog (the first one available since 2011), will help

in controlling the disease in the reservoir and, as a conse-
quence, in the human population as well.
Visceral leishmaniasis in the Mediterranean region was first

reported in the Greek island of Spetses in 1835.12 Until the
1940s, the visceral and the cutaneous form of the disease were
spread in many areas of Greece where it was known under
several colloquial names. The use of DDT, to combat malaria
during World War II, diminished the frequency of mosquito
and sandfly transmitted diseases. However, in the last 35 years,
the disease has re-emerged with an increasing number of
human and dog cases per year. An average of 47 leishmaniasis
cases are reported annually (data from the Hellenic Center for
Disease Control and Prevention [HCDCP]) a number which,
it is emphasized, is an underestimation of the true situation
although leishmaniasis is a notifiable disease in the country.
Interestingly, human leishmaniasis cases are now reported
from all parts of the country (HCDCP), which is either caused
by the geographical spread of the disease or the improvement
of reporting procedures. Nonetheless, veterinary records sub-
stantiate the emergence of CanL in new areas and the
increase in dog cases in areas where the problem was already
evident. Thirteen sandfly species, 10 belonging to the medi-
cally important genus of Phlebotomus and 3 to Sergentomyia
are known in Greece,13–17 5 of which are proven or suspected
vectors of L. infantum (P. perfiliewi, P. tobbi, P. neglectus),
L. donovani (P. tobbi), L. tropica (P. similis), and L. major
(P. papatasi).
The aim of this work was to investigate the situation in

Greece regarding leishmaniasis as it stands today: the geo-
graphical distribution of VL, CL, CanL, Leishmania species
and zymodemes as well as sandfly species and relate the dis-
tribution of the disease to epidemiological and environmental
factors using geospatial tools.

MATERIALS AND METHODS

Study area. The study was conducted in all 54 prefectures
of Greece, situated in southeastern Europe, of 131,957 km2 and
10,964,020 inhabitants (Hellenic Statistical Authority, 2010).
Approximately 700,000 dogs and 200,000 stray dogs are
believed to live in the country (data from veterinary companies
operating in Greece). Greece has the twelfth longest coastline
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in the world, (13,676 km long) and over 1,400 islands, of which
227 are inhabited; 80%of the terrain is mountainous constituting
an obstacle for the natural geographical spread of sandflies
in many regions (Figure 1).
Human cases. A number of patients, registered in different

hospitals (all hospitals in Crete and five from Attica, where
the majority of the cases occur) with persisting fever of
unknown etiology or suspicious skin lesions, were tested
in our laboratory at the Faculty of Medicine, University of
Crete. A VL case was diagnosed by serology (any antibody
titer ³ 1/160 was considered suspicious and further tests

were performed to confirm the infection), polymerase chain
reaction (PCR) and culture on available biological material.
At the same time, when bone marrow aspirate was available,
Giemsa stained preparations were checked for the presence
of amastigotes in macrophages, using light microscopy. A
human CL case was confirmed by PCR and culture of skin
tissue and blood; serology was also performed for the detec-
tion of antibodies which, however, was not used for diagnostic
purposes but to complete the picture of the case. Clinical and
epidemiological information (including address of residence)
was collected from each patient and the patient’s written

Figure 1. Map of Greece showing the terrain of the country and the 54 prefectures.
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consent on the use of the biological material collected. After
treatment, antibody response of VL patients, was monitored
for at least 1 year until it dropped considerably, to avoid
relapses. Data of the HCDCP for the years 2005–2010 were
also used in this study; they concerned 222 patients.
Dog epidemiological study. During 2005–2010, a network

was established with veterinarians working in the country.
They were asked to complete a questionnaire regarding CanL
in their area of practice and to provide dog samples from
animals visiting their clinic for any reason: vaccination, hair
cut, nail cut, deworming, general check up, treatments, and
other purposes, without discrimination. Biological samples,
from stray dogs, were also provided by veterinarians working
in dog kennels. Such animals are taken to kennels for up to
2 weeks to be vaccinated, given antiparasitic pills, or to be
castrated before they are again released to the neighborhood
where they were found. Veterinarians from 43 prefectures
(63 different veterinary clinics) responded to our request and
provided samples from 5,772 randomly selected dogs. The
animals were examined clinically and biological material was
collected, after the written consent of the owner, and ques-
tionnaires with personal, epidemiological, and clinical data
for each dog were completed. Peripheral blood samples
(whole blood and without EDTA from all dogs taking part
in the study), lymph node aspirates (from 182 dogs with swol-
len lymph nodes), and spleen (from 18 dogs parasitologically
proven to have leishmaniasis, after they were euthanized, with
the owner’s consent), were collected. The number of samples
varied from 0 to 300 per prefecture, according to the size
of the prefecture and dog population: more than 60 samples
(38 prefectures), no samples (11 prefectures).
Serology. Patient and dog sera were tested serologically using

anti-human or anti-dog, anti-immunoglobulin G (IgG) anti-
bodies, respectively, by an indirect immunofluorescent antibody
test (IFAT,Leishmania SPOT IF, BioMerieux France). A series
of 2-fold serum dilutions, starting from 1/40 were performed and
a cut-off titer of ³ 1/160 was regarded positive for dog sera
because most dogs lived in endemic areas.18 Any titer ³ 1/160
was considered suspicious for patients and further diagnostic
tests were performed.
PCR. The PCR was carried out on peripheral whole blood,

bone marrow and/or skin tissue from patients and on whole
blood, lymph node and/or spleen tissue from dogs, according
to availability. The QIAamp DNA Blood Mini kit (QIAGEN,
Hilden, Germany) and DNeasy Tissue kit (QIAGEN) were
used for DNA extraction from blood and tissue, respectively.
Primers T2 and B4 were used as described previously with
few modifications.17,19

Parasite isolation and culture. Whole blood, bone marrow
and/or skin tissue were used for the isolation of the parasite
from all suspicious patients and blood (with EDTA), lymph
node aspirate or spleen tissue from all dogs taking part in the
study, according to availability.20 The samples were placed over
Histopaque 1077 (Sigma, St. Louis,MO) (the tissue sampleswere
first macerated in phosphate buffered saline [PBS]) followed by
subsequent washing of the white blood cells (three times in PBS
before they were resuspended in RPMI. Half the harvested cells
were thenplaced inNNNandhalf inRPMI1640 culturemedium,
containing 25 mM Hepes buffer, supplemented with 2 mM
glutamine (GIBCO Invitrogen, Grand Island, NY), 10% heat-
inactivated fetal bovine serum (FBS - GIBCO Invitrogen),
100 IU/mL penicillin, 100 mg/mL streptomycin (Roche Diag-

nostics, Indianapolis, IN), and 5% filtered human urine,21

at 26°C (±1°C). Promastigote cultures were maintained
in supplemented RPMI culture medium at 26°C (±1°C).17,20,21

Parasite typing by multilocus enzyme electrophoresis
(MLEE, isoenzyme analysis). The parasites, isolated from
patients and dogs, were typed by starch gel electrophoresis
using 15 enzymatic systems: malate dehydrogenase (MDH),
EC 1.1.1.37; malic enzyme, EC 1.1.1.40; isocitrate dehydroge-
nase, EC 1.1.1.42; 6-phosphogluconate dehydrogenase (PGD),
EC 1.1.1.44; glucose-6-phosphate dehydrogenase, EC 1.1.1.49;
glutamate dehydrogenase, EC 1.4.1.3; NADH diaphorase
(DIA), EC 1.6.2.2; purine nucleoside phosphorylase 1 (NP1),
EC 2.4.2.1; NP2, EC 2.4.2*; glutamate-oxaloacetate transami-
nases 1 and 2 (GOT1 and GOT2), EC 2.6.1.1; phosphogluco-
mutase, EC 5.4.2.2; fumarate hydratase, EC 4.2.1.2; mannose
phosphate isomerase, EC 5.3.1.8; and glucose phosphate isom-
erase, EC 5.3.1.9. Isoelectrofocusing was used as a technique
with greater resolving power for NP1.22

Sand fly data. Recent data, recording sandfly presence in
Greece, was used from different, already published, stud-
ies.15–17 In all cases, sampling was carried out during the sand
fly season (May to October) using CDC (Centers for Disease
Control and Prevention) miniature light traps and A4 paper
sticky traps (in some cases mouth and electric powered aspi-
rators were also used). The traps were set for one or more
nights at various peridomestic, domestic, or other locations.
The insect catch was checked early morning and the trapped
sandflies were kept in 70% ethanol until species identification
following morphology-based keys.14,23–26 Eighteen locations
were studied in 1999–2004,15 8 locations in 2009–2010,16 and
9 locations in 2001–2010.17

Statistical analysis and mapping of the results. Information,
collected from the dog record of each of the 5,772 randomly
selected dogs, was used in the statistical analysis to ensure that
our sample was representative. For this, 10 dog characteristics
were considered and tested by the c2 test; namely, geograph-
ical origin of animal, sampling season, age, symptomatic/
asymptomatic (presence of at least three of any of the classical
CanL signs: lymph node swelling, dermatitis furfuracea, alope-
cia, ulcers, onychogryphosis, epistaxis, ocular lesions, spleno-
megaly, loss of weight, or unusual tiredness), dog use (hunting,
companion, guard dog, etc.), sex, coat shade, length of hair,
weight, owned/stray.
Dog seroprevalence was estimated for each prefecture and

mapped using the geographical information system software
(GIS, Redlands, CA; ArcGIS 10). Associations between dog
seropositivity and epidemiological, environmental, and geo-
spatial variables at the place of dog residence were consid-
ered using either classical statistics (binary logistic regression
model in the SPSS 20; SPSS, Inc., Chicago, IL) or spatial
models (spatial binary regression model in the Arcmap 10
[GIS]). These variables were: occurrence of human cases
from 2005 to 2010, Leishmania spp. and zymodeme (MON);
mean annual wind speed (m s−1), mean annual land surface
temperature, mean annual rainfall, and mean annual relative
humidity; land cover and altitude (0–1,000 m/> 1,000 m).
Data on wind speed, temperature, rainfall, and relative
humidity were obtained from the EDEN DATA WEBSITE
of the EU EDEN FP6 project (Emerging Diseases in a
changing European environment) and the Hellenic National
Meteorological Service.27–29 All tests were carried out at a
5% significance level.

908 NTAIS AND OTHERS



RESULTS

Human cases. Between 2005 and 2010, 326 autochthonous

human leishmaniasis cases (70.1% males, 29.9% females) and

one imported CL case were reported in Greece by the

HCDCP: 297 VL and 30 CL. Of these, the 105 cases were

reported to HCDCP by our laboratory and full clinical and

epidemiological information (including co-ordinates of place

of residence) was available. Information on the place of resi-

dence of 255 human VL cases was accessible allowing the
mapping of the incidence of the disease (total number of cases

per prefecture) (Figure 2).
The 105 cases diagnosed by our laboratory were 0–88 years

of age (94 VL and 11 CL). The VL patients were: £ 14
(22.9%), 15–64 (57.5%), and ³ 65 (19.6%) years of age. Only
one of the VL patients was HIV-positive. All VL patients

Figure 2. Geographical distribution of human leishmaniasis cases in Greece, between 2005 and 2010, in relation to percent dog seropositivity,
Leishmania spp., and zymodeme (zymodeme: MON-1, MON-98 L. infantum; MON-300, MON-58, MON-57 L. tropica). (Key map: Attiki region
showing the four prefectures). Only data with more than 60 examined dogs per prefecture were taken into account for the mapping of the results.
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were positive by IFAT (titer1/160–1/51,200). The parasite was
isolated from 45 patients (from blood [35] and bone marrow
sample [44]). Most of the VL patients presented high fever,
splenomegaly, and anemia. All VL patients were treated with
liposomal amphotericin B and recovered without relapses.
Between 2005 and 2010, 30 cases of CL were reported

in Greece. Information was available on 11 patients, reported
from our laboratory. All were positive by PCR; only one had
antibody response against Leishmania (IFAT titer 1/320);
the parasite was isolated from two patients. Seven of the
11 patients were ³ 60 years of age. The CL patients had
surgical resection of the lesion or cryoablation and only five
were treated with Meglumine antimoniate.
Dog epidemiological study. During 2005–2010, 5,772 dogs

were examined (2,558 males and 3,214 females; 3,514 owned
and 2,258 stray). They were: £ 3 (55%), 4–6 (25.5%), 7–9
(11.6%), and ³ 10 (7.9%) years of age; £ 10 kg (15%), 11–
20 kg (40.5%), 21–30 kg (31.2%), and ³ 30 kg (13.3%). Of the
5,772 dogs, 22.09% were seropositive (cut-off titer: 1/160):
18.1% of the females and 24.6% of the males; 18.7% of the
owned and 27.3% of the stray dogs. In some regions sero-
positivity reached 50.2%.
Parasites were isolated from the blood (146), lymph node

aspirate (23), bone marrow (8), and spleen (8) of 165 dogs, out
of the 1,034 tested by culture, 14 of which were healthy looking,
seropositive animals. The most common signs in CanL
appeared to be lymph node swelling, dermatitis furfuracea, loss
of weight, unusual tiredness, alopecia (especially around the
eyes), onychogryphosis, and ulceration. Ninety-five seroposi-
tive animals had no obvious signs of the disease.
Isolates. Forty seven strains were isolated from human cases:

45 from VL patients, typed as L. infantum (MON-1, 34 isolates
[the most common zymodeme in the Mediterranean basin]30,31

and MON-98, 11 isolates [a rare zymodeme reported in
Egypt32–34; Cyprus4 and Portugal]35 and 2 fromCL patients, typed
as L. tropica [MON-58, a zymodeme also found in Afghanistan2

and MON-300, a zymodeme reported only in Crete, Greece]17).

The 165 strains isolated from dogs were: 164 L. infantum
(136 MON-1 and 28 MON-98) and L. tropica MON-58
(isolated from the blood of a dog with antibody titer1/640).
Statistical analysis and mapping of the results. Our sample,

of 5,772 randomly selected animals, was statistically shown to
be representative in terms of dog characteristics (P < 0.05 for
all variables with P < 0.001 for dog sex, dog use, owned/stray).
In the statistical analyses and mapping of the results, only
data with more than 60 examined dogs per prefecture were
considered to have reliable conclusions. The correlation of
dog seropositivity in each prefecture with epidemiological,
environmental, and spatial factors was estimated so as to test
the risk of seropositivity > 20% in relation to each factor
(Table 1). The > 20% threshold was set because average sero-
positivity in the country was found to be 22.09%, and 20%
seroprevalence is considered sufficiently high to pose a seri-
ous risk of re-emergence of human disease.9,36 All environ-
mental factors were found to be highly correlated (positively
or negatively) to the seropositivity trends. Areas of low and
medium values of mean wind speed (5.9–7.7 m s−1 and 7.7–
8.6 m s−1) presented higher risk (OR = 4.3 [95% CI = 1.9–8.7,
P = 0.04]; OR = 3.2 [95% CI = 1.04–6.2, P = 0.01], respec-
tively). On the other hand, as wind speed increased the risk
decreased (OR = 0.8; 95% CI = 0.6–1.0; P = 0.002). Similarly,
areas of high mean land surface temperature presented the
highest risk; for instance, areas of 16.01–18.0°C had an OR of
79.2 (95% CI = 76.9–79.3; P < 0.001). Areas of 10.01–13.0°C
had an OR = 34.1 (32.04–35.7; P < 0.001) and areas of 13.01–
16.0°C presented a higher risk (OR = 44.09; 95% CI = 39.9–
46.0; P < 0.001). On the other hand, mean relative humidity
presented a proportional correlation. Areas of 74.01–75.6%
mean relative humidity had 27.75 times higher probability of
> 20% seropositivity (95% CI = 25.0–29.0, P < 0.001) com-
pared with the areas of 72.01–74.0% and 67.01–72.0% relative
humidity (OR = 1.4; 95% CI = 1.2–1.2; P = 0.01 and OR = 1.1;
95% CI = 1.01–1.2; P = 0.003, respectively). Finally, regions
that had a mean annual rainfall of 60.01–100.0 mm presented

Table 1

Risk of dog seropositivity to be > 20% in relation to environmental risk factors*

Environmental factor

Number of prefectures with > 20% seropositivity

Odds ratio (95% CI) P valueN (%)

Mean wind speed (m s−1) Prefectures examined 49 < 0.001
< 5.9 14 (28.5) 1 –

5.9–7.7 18 (36.7) 4.3 (1.9–8.7) 0.04
7.7–8.6 15 (30.6) 3.2 (1.04–6.2) 0.01
> 8.6 2 (4.2) 0.8 (0.6–1.0) 0.002

Mean - land surface temperature ( °C) Prefectures examined 49 < 0.001
8.6–10.0 6 (12.2) 1 –

10.01–13.0 13 (26.5) 34.1 (32.0–35.7) < 0.001
13.01–16.0 15 (30.6) 44.09 (39.9–46.0) < 0.001
16.01–18.0 13 (26.5) 79.2 (76.9–79.3) < 0.001
18.0–19.7 2 (4.1) 50.1 (49.2–52.9) 0.016

Mean annual rainfall (mm) Prefectures examined 24
10–30.0 14 (59.2) 1 –

30.01–60.0 4 (20.4) 1.2 (1.1–1.8) < 0.001
60.01–100.0 2 (10.2) 2.3 (1.8–3.1) 0.045
100.01–138.0 4 (20.4) 0.8 (0.5–1.0) < 0.001

Mean - relative humidity (%) Prefectures examined 49
65.8–67.0 6 (12.2) 1 –

67.01–72.0 15 (30.6) 1.1 (1.01–1.2) 0.0034
72.01–74.0 15 (30.6) 1.4 (1.2–1.2) 0.010
74.01–75.6 13 (26.5) 27.8 (25.004–29.0) < 0.001

*Only data with more than 60 examined dogs per prefecture were taken into account for the analysis of the results.
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the highest risk (OR = 2.3, 95% CI = 1.8–3.06, P = −0.04).
Spatial factors (land cover and altitude) were found to be of
very high statistical significance (P < 0.001 for both variables)
(Table 2). As far as land cover is concerned, presence of water
bodies in an area (OR = 1.4, 95% CI = 1.01–1.6), agricultural
areas (OR = 2.2, 95% CI = 2.0–2.9) and semi-natural areas
(OR = 1.2, 95% CI = 1.01–1.1) presented the highest risk. On
the other hand, open spaces with no vegetation (OR = 0.8,
95% CI = 0.6–1.0) and artificial surfaces (OR = 0.02, 95%
CI = 0.005–0.1) did not seem to favor dog seropositivity.
Furthermore, areas of 0–1,000 m altitude were estimated to
present higher risk than those of > 1,000 m (OR = 3.0; 95%
CI = 1.3–4.4; P < 0.001).

DISCUSSION

Leishmaniasis constitutes a public health problem in Europe,
where it is endemic in many parts and recently reported in
new geographical regions.1,37,38 During the last 35 years, the dis-
ease has spread to most parts of Greece because of L. infantum,
causing VL and CanL and toL. tropica, causing CL.39–41 During
2005–2010, 327 human leishmaniasis cases (297 VL and 30 CL)
were reported in the country. Autochthonous human VL cases
were reported in 41/54 prefectures (Figure 2) the majority in the
Attiki prefecture (mostly in the city of Athens, which is an
endemic VL area)42 with the maximum number (72) in the year
2007 (HCDCP). The majority of the cases were adults, between
15 and 88 years of age (77.1% of the cases); males (70.1%), and
only one was HIV positive. All VL patients tested were seropos-
itive, yet asymptomatic people from endemic areas may present
transient parasitemia and antileishmanial antibody response43–45

making diagnosis of active VL difficult.46 Such healthy immuno-
competent people may later develop VL if they suffer immuno-
suppression, mainly caused by HIV. Such a co-infection will
aid in changing the epidemiology of the disease because these
patients are infective to sandflies.47 At the same time, other
forms of immunosuppression, like organ transplantation and
also mild immunosuppression, like psychological stress and mal-
nutrition, may allow this opportunistic parasite to cause disease.
Five cases of VL after psychological stress and one after fasting
for religious purposes were presented in our hospital.17 The
drug used in treating the majority of VL cases in Greece is
liposomal amphotericin B, which appears to be efficient and no
relapses have been reported.
Leishmania infantum MON-1, found predominantly in the

Mediterranean Basin (90% of the typed isolates),31,48 was

Table 2

Risk of dog seropositivity to be > 20%, in relation to geospatial and
epidemiological risk factors*

Geospatial and epidemiological factors Odds ratio (95% CI) Ptrend

Land cover
Water bodies 1.4 (1.01–1.6) < 0.001
Agricultural areas 2.2 (2.0–2.9)
Semi-natural areas 1.2 (1.01–1.1)
Open spaces with no vegetation 0.8 (0.6–1.0)
Artificial surfaces 0.02 (0.005–0.1)
Altitude (m)
> 1000 1 < 0.001
0–1000 3.0 (1.3–4.4)

*Only data with more than 60 examined dogs per prefecture were taken into account for
the analysis of the results.
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present in all parts of the country in patients and dogs (75.6%
of the VL isolates; 82.9% of the CanL isolates) (Figure 2), the
rare zymodeme MON-98 was found in patients (24.4%) and
dogs (17.1%) but only in the central and southern parts of the
country (Figure 2). The dermatotropic L. tropica is shown only
in Crete (Figure 2), despite the fact that it is also reported from
the Ionian Islands, because no detailed records and biological
material for parasite isolation were available from CL patients
from other hospitals in Greece during the study period.
The sample, of 5,772 dogs, was shown to be statistically

representative in terms of geographical spread and dog charac-
teristics. Average seroprevalence was 22.09% (ranging from
6.5% in western Macedonia, to 50.2% in the island of Corfu)
(Figure 2) and seropositive dogs were found in nearly all pre-
fectures from which dog samples were available (41/43) indi-
cating the spread of the disease in the entire country. The
presence of seropositive dogs in the 11 prefectures from which
no samples were available cannot be excluded because, neigh-
boring prefectures with similar bioclimatic and ecological char-
acteristics (that favor sandfly survival and development),
presented dog seropositivity higher than 10% (Figure 2). This
is supported by the statistical analysis of the results showing
a significant association of high CanL seroprevalence (> 20%)
with environmental, spatial, and epidemiological factors that
suit the ecological requirements of these nocturnal sandfly
vectors (Table 1).49

It is known that a great proportion of dogs, residing in
endemic areas, are infected even if they remain asymptom-
atic, or seronegative.50 Serology detects most of the symptom-
atic and a proportion of the asymptomatic dogs that may be as
high as 50% of the seropositive canine population.51–53 In our
study, 95 of the seropositive dogs were without any obvious
leishmaniasis signs and the parasite was isolated from 14 such

animals. Seroprevalence in dogs in an area is believed to be
between the prevalence of the disease and that of the infec-
tion.11 The important issue, however, is the ability of positive,
but asymptomatic, dogs to transmit the parasite to the sandfly
vector.54 Yet, because the majority of the PCR positive dogs
were dogs with at least three CanL signs (P < 0.0001), symp-
tomatic dogs are more likely to infect sandflies.17 Dogs
sleeping outside (stray, guard, hunting dogs) are at higher risk
of getting infected (seropositive; P < 0.001) and therefore
to infect sandflies.
Controlling the disease in the dog population is the best

way to reduce the risk of infection in the human population;
therefore, detailed and accurate studies are necessary for the
implementation of targeted control measures. Often, how-
ever, there are limitations in such studies, especially regarding
standardized procedures in conducting canine surveys and
serological testing.
P. perfiliewi (found in 14 of 19 prefectures where sandfly

trapping has been carried out), P. tobbi (in 12 of 19), and
P. neglectus (in 11 of 19) (Table 3, Figure 3), all known vectors
of L. infantum in the Mediterranean basin, were reported in
all longitudes of the country. Interestingly, P. perfiliewi was
the only sandfly species found in Pella prefecture where one
autochthonous human VL case was reported (Figures 1 and 3).
P. similis was found in 11 of 19 prefectures studied. This species
has often been misidentified as P. sergenti, sister species of
P. similis, implying a similar vector capability in relation to
Leishmania species.55 This species is believed to be the poten-
tial vector of L. tropica in Crete,17 a fact that needs further
investigation. P. similis was found in the Ionian Islands and
Crete where CL is widespread but also in areas on the coast
of the Aegean Sea (Figures 1 and 3) where CL cases have
never been reported. These areas should be considered high

Figure 3. Recorded presence of phlebotomine sandflies in Greece.15–17
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risk for the introduction of this anthroponotic disease because
the vector is present and infected people may start the trans-
mission cycle of the parasite. P. papatasi was found in 11 of
19 prefectures studied, in northern and central Greece as well
as the Ionian Islands, Crete, and Samos. P. papatasi is able
to transmit L. major causing zoonotic cutaneous leishmaniasis
using certain rodents as reservoir hosts. This form of leishman-
iasis is found in northern Africa and the Middle East. More
sandfly studies are needed, covering all prefectures, before a
reliable conclusion can be reached on the risk of transmission
of L. infantum andL. tropica in all prefectures. Despite the fact
that 80% of the terrain of Greece is mountainous, mainly the
central part dividing the country into two (Figure 1), the same
Phlebotomus spp. were found in the eastern and the western
parts (Figure 3, Table 3).
The CL, caused by L. tropica, appears to be re-emerging,

after being latent for 35 years, in some areas.39–41 Strains,
isolated from CL patients from the Ionian Islands and Crete
in the early 1980s, were typed as L. tropica MON-57.56 Yet,
zymodeme MON-300, found for the first time in Crete, was
isolated from a 64-year-old woman who reported that she was
infected at childhood, like a great number of her fellow vil-
lagers.17 The woman relapsed three times and although she
was treated with Meglumine antimoniate, she was never
cleared from the parasite. Seven of the CL patients from
Crete were ³ 60 years of age and all reported having lesions,
known as the “Chaniotico spyri” (“the skin lesion found in the
area of Chania,” Crete), at childhood. Possibly changes in the
immune system of these people, caused by age, has allowed
the parasite to become activated and cause new lesions.
L. tropica MON-58 was also isolated in Crete from a young
Afghan refugee and a dog in the area where the boy worked
in the summer (Ntais and others, unpublished data). It is
evident that a polymorphism of L. tropica exists in Crete and
that new species and strains may be introduced in this closed
ecosystem (like L. donovani in Cyprus)5 where 10
Phlebotomus spp. are well established (Figure 3, Table 3)
and may be able to support their introduction and spread.
We believe that more CL patients are found in Greece because
people, being aware of its benign nature, do not consider it
necessary to visit the doctor, especially the elderly. Further-
more, if they visit private dermatologists the disease may not
be reported and so measures for monitoring the disease are not
taken. As a result, such patients, who can infect sandflies,
become the source of this anthroponotic pathogen. Although
sandfly vectors implicated in the transmission of each parasite
are different, there are 13 known sandfly species in Greece,
10 of which belong to the medically important genus of
Phlebotomus and 3 to Sergentomyia,13–17 and are widely spread
in the country (Figure 3, Table 3). The close association of the
vectors with human habitation, especially in rural areas, ensures
transmission of L. infantum from infected dogs to humans.
Most of the dogs studied lived outdoors (78.7%), a factor
believed to favor the rate of infection.57 The danger of exchange
of genetic material between these species and zymodeme vari-
ants found in a closed ecosystem, resulting in new hybrids,
is a possibility.58,59

It is evident that during the last 35 years, leishmaniasis
cases in humans and dogs are increasing in numbers and are
spreading geographically, favored by the changing conditions:
like the movement of people and animals, the buildup of
vector populations caused by changing climatic and environ-

mental conditions, and changes in animal husbandry prac-
tices. Studies are undertaken to foresee changing conditions
and how they affect parasite spread (EU EDEN fp6 and
EDENext fp7 programs)60 so that targeted measures can be
taken to prevent the parasite’s arrival, settlement, and spread
in new areas.28
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